Abstract. Information on the temporal distributions of tropical fish larvae is scarce. Early stage larval fishes were sampled using towed bongo plankton nets at sites on the southern North-west Shelf of Australia (21 • 49 S, 114 • 14 E), between October and February of 1997/98 and 1998/99. The first summer was characterised by El Niño-Southern Oscillation-driven upwelling and high primary productivity, whereas in the second summer water temperatures were warmer and primary production was lower. Benthic percoid shorefishes dominated surface assemblages in both summers and this pattern may be typical of tropical shelf environments.The abundance and diversity of larval fishes were lowest in October and increased from November through to February. Assemblages displayed weak crossshelf patterns, with a few taxa being more abundant at inshore sites (e.g. monacanthids), whereas others were more abundant offshore (e.g. scombrids). Although the composition of assemblages remained relatively consistent, many taxa (e.g. pomacentrids and carangids) showed differences in abundance between summers. Multivariate analyses found no relationships between abundance patterns of larval fishes and biophysical variables, such as temperature, salinity, and zooplankton biomass. Thus, seasonal changes in abundance may reflect differences in the spawning activities of adult fishes and/or larval survival.
Introduction
Larval fish assemblages are spatially and temporally dynamic; variation in the composition and abundance occurs horizontally and vertically and at time scales ranging from hours to seasons (Leis 1991) . Multiple processes contribute to this variability and may include the spawning activities of adult fishes (Nonaka et al. 2000) , developmental changes in the capabilities of an individual larva (Leis 1991; Leis and McCormick 2002) , and aspects of the biophysical environment that larvae inhabit (Cowen 2002) . The latter factors may interact to produce spatial and temporal patterns, for example when hydrographic features, such as upwelling, tidal, and coastal shelf fronts concentrate larvae and their food resources, or when wind-driven mixing results in turbulence (Cowen 2002 and references therein) . These factors can influence larval survival and the formation and persistence of larval assemblages.
In temperate regions, the distribution and abundance patterns of larval fishes have been the subject of research for decades. In contrast, there have been relatively few studies in tropical environments. Most work in the tropics has focused on spatial patterns, either at small scales (tens of kilometres) close to coral reefs (e.g. Leis and Goldman 1987) or at large scales (hundreds to thousands of kilometres) across continental shelves (e.g. Young et al. 1986 ) and oceans (e.g. Ahlstrom 1971 Ahlstrom , 1972 . Very few studies have examined temporal patterns (but see Sponaugle et al. 2003) , although sampling techniques, such as light traps, crest nets, and purse seines, have recently been used to describe patterns in abundance of late-stage larvae of reef fishes in the waters around coral reefs. These studies have demonstrated lunar cycles in larval abundance, with peaks occurring around the new moon (e.g. McIlwain 2003) . Such patterns reflect spawning cycles of adults, but have also been linked to environmental factors, such as temperature, turbulence, and zooplankton biomass (e.g. Wilson and Meekan 2001) . However, such sampling techniques are often highly selective for particular taxa (e.g. pomacentrids) and biased towards late-stage individuals (Choat et al. 1993) . In comparison, information on temporal patterns of abundance of the early life history stages (pre-and immediately post-flexion) of larval fishes is scarce, particularly in coastal shelf regions.
Herein, we describe temporal patterns in the distribution and abundance of the early life history stages of tropical fishes on the North-west Shelf of Australia. Although the region is the site of several major fisheries that target both pelagic and demersal finfish and invertebrates, very little is known of the processes and food chains that support fisheries production on the North-west Shelf. To date, only one study (Young et al. 1986 ) has examined spatial and temporal patterns in ichthyoplankton in this region. Other broad-scale studies recorded the greatest densities of zooplankton in Australian waters on the Shelf (Tranter 1962) .
We sampled the early stages of tropical larval fishes during two summer recruitment seasons on the southern North-west Shelf of Australia using towed plankton nets. El Niño-Southern Oscillation (ENSO) conditions typified the first summer (1997/98), whereas the second summer (1998/99) was characterised by La Niña conditions. The aims of the present study were to: (1) document the family composition, distribution, and abundance of larval fishes captured in 2 years that differed markedly in environmental conditions; and (2) identify potential biophysical factors that may determine temporal patterns in ichthyoplankton communities.
Methods

Study sites
The North-west Shelf is a broad shallow part of the continental shelf that receives very little terrestrial run-off from the adjacent arid landscape. Nutrients may be supplied by weak summer upwelling events, tropical cyclones, and through tidal motion (Holloway et al. 1985) . Pelagic secondary production in the area appears to be food limited (McKinnon and Duggan 2001) . Close to the North-west Cape, the Shelf narrows, reducing the transition between the inshore waters of Exmouth Gulf and the oceanic waters of the Indian Ocean. Just south of the Cape, Australia's second largest coral reef, Ningaloo, extends southward parallel to the coast. The southward flowing Leeuwin Current forms off the North-west Shelf, bringing warm tropical water along the coast, and counteracts upwelling by the West Australian Current. The Leeuwin Current, although present all year, is weakest between November and April and it is during these months that the wind-driven, predominately northward-flowing Ningaloo Current forms (Taylor and Pearce 1999) . Interannual variations in the strength of these currents are affected by ENSO events (Pearce 1991) .
Field collections
The present study was conducted during cruises made by the RV Lady Basten in the vicinity of Australia's North-west Cape in the austral summers of 1997/98 and 1998/99. Ichthyoplankton sampling focused on two sites: a shallow inshore site (B; water depth approximately 20 m; Fig. 1 ; Table 1 ) located at the mouth of the Exmouth Gulf and an offshore shelf break site (E; water depth approximately 100 m; Fig. 1 ; Table 1 ). In addition, another inshore site (TB; water depth approximately 16 m; Fig. 1 ; Table 1 ), located further north on the shelf near Thevenard Island, was sampled on four occasions in 1998 ( Fig. 1 ; Table 1 ).
Ichthyoplankton were collected by oblique tows to approximately 16 m depth at all sites using Bongo nets (0.8 m net diameter, 500-µm mesh), fitted with a General Oceanics flowmeter (General Oceanics Inc., Miami, FL, USA). Sampling periods were timed to coincide with the new moon, a peak spawning and recruitment time of some reef fishes (Thresher 1984) . In addition, tows were usually taken around dusk, to reduce the effects of diurnal variation in larval abundance. During each sampling period, varying numbers of replicate tows were taken on different days at each site (Table 1) . From each tow, one net of the bongo sampler was initially preserved into 5% formalin and the other into 70% ethanol (EtOH). All samples were later transferred to 70% EtOH.
Biophysical data were collected at the beginning and end of each bongo net tow. Temperature, salinity, and chlorophyll a data were collected using a CTD (Seabird SBE25, Seabird Electronics Inc., Washington, DC, USA) fitted with a fluorometer (Chelsea Fastracka, Chelsea Technologies Group, Surrey, UK) and zooplankton was sampled using vertical net tows (0.5 m diameter ring net, 73-µm mesh; see Meekan et al. 2003 for more details).
Sorting and identification
Larval fishes were sorted into types with the aid of a dissecting microscope and enumerated. Because of the time involved in processing samples, only one net was sorted. The flexion and post-flexion larval fish components of the samples (hereafter referred to as post-flexion larvae or larval fish) were identified to family using the available literature (Leis and Carson-Ewart 2000 and references therein). Larvae were categorised as 'unidentified' when they were too damaged to identify with any certainty.
Data analysis
The counts of larvae present in each net tow were standardised to number of larvae per m 3 on the basis of flowmeter readings. The flowmeter malfunctioned on three tows and an average volume of all other stations sampled (1021.6 m 3 ) was used to calculate volumes for these tows. All analyses used datasets of numbers of larvae per m 3 . The high inter-replicate variability that typifies ichthyoplankton community datasets precluded parametric statistical analysis. Consequently, datasets were analysed using non-metric multidimensional scaling (nMDS) and cluster analyses to identify patterns in space and time, followed by multivariate regression tree (MRT) analysis (De'ath 2002) to identify environmental factors influencing these patterns. 'Unidentified' fishes were present in most groups and were removed from the datasets to avoid any confounding of differences among groups. A species sample matrix was generated consisting of families as rows and net tows as columns (76 families from the 44 samples containing identifiable larvae).
The nMDS and cluster analyses were conducted using PRIMER (Plymouth Routines in Multivariate Environmental Research) v5.1 (Clarke and Warwick 2000) . In order to allow the contribution of rare species to the patterns, datasets were transformed to 4th root values because this downweights the influence of abundant species and is invariant to scale changes (Field et al. 1982) . The Bray-Curtis distance measure was applied to produce a dissimilarity matrix; this distance measure is insensitive to zero values while preserving the influence of abundant taxa. The nMDS (minimum of 25 iterations) and hierarchical group averaged cluster analyses were then used to produce two-dimensional ordinations and dendrograms.
We used MRT analysis to determine the influence of spatial (location), temporal (year and month), and biophysical (temperature, salinity, chlorophyll a, and zooplankton biomass) variables on the abundance of families of larval fishes. This analysis allowed the data to be partitioned in a stepwise fashion so that the relative influence of each variable was evident and provided information on the percentage contribution of each family to the groups formed by the regression tree. In order to relate the biophysical data with the fish community sampled, we first examined vertical profiles from corresponding net tows for vertical stratification; when these were well mixed at the same scale as our larval fish sampling, we used an average of the values collected from the surface 16 m Comparison to Young et al. (1986) In order to expand the temporal extent of the study, we compared a subset of our data from the Exmouth sites only (B and E) with data from the study of Young et al. (1986) . The raw data from the study of Young et al. (1986) Young et al. (1986) were combined with pomacentrids. Count data were summarised from both studies and are presented for the highest-ranked taxa only. Owing to problems with the temporal comparison in the study of Young et al. (1986) , which was confounded by different net types, only abundance data from the months of October and December 1982 are presented for selected families of larval fishes.
Terminology
Terms used to describe developmental stages of larval fishes follow those of Leis and Carson-Ewart (2000) . Flexion is defined as the time when the notochord flexes upwards, which always coincides with fin formation. The larvae were categorised in relation to the usual habitat of the adult fishes, either pelagic or demersal. Larvae were further categorised as oceanic or coastal fishes following the criteria of Leis and Carson-Ewart (2000) , where the latter are all fishes that occur as adults in less than 200 m depth of water close to shore. This categorisation was not always clear-cut at the taxonomic level of family (e.g. bregmacerotids have species that are coastal and oceanic by this definition). Productivity or production refers to both primary (e.g. algal, microbial) and secondary (e.g. copepods, appendicularians) sources of energy that may be used by larval fishes.
Results
Biophysical environment
Waters at the inner shelf sites (B and TB) were generally well mixed for temperature, salinity, and chlorophyll at all sites and times ( Fig. 2) . At the shelf break (offshore site E), the surface mixed layer extended to 20 m or more. Generally, these surface waters were well mixed with a <2 • C temperature difference throughout the water column, but a weak thermocline sometimes established (3, 6.5 and 4 • C difference between surface and bottom waters in December 1997 , February 1998 and February 1999 . Salinity was invariant (∼35) within and between summers at all sites, but was slightly higher inshore than offshore as a result of evapouration within the Exmouth Gulf ( Temperature increased by approximately 5 • C from October to February in each summer, ranging from a mean of 22.7 • C inshore at site B in October 1997 to 27.9 • C offshore at site E in February 1998 and from 23 • C at site B in October 1998 to 28.9 • C offshore at site E in February 1999, and were approximately 1 • C higher in 1998/99 than in 1997/98 for each site and time combination (Fig. 3) . Mean temperatures at the inshore site TB were higher than either sites B or E in 
Taxonomic composition of ichthyoplankton
Total catches in the bongo nets included 1269 fish eggs and 9944 fish larvae. Of these fishes, 5613 were preflexion and 4017 post-flexion larvae from 76 families ( Table 2) . A total of 314 fishes (approximately 8%) were too damaged to identify. Identified larvae were typically 3-5 mm total length (TL). Seventy-seven percent of larvae were demersal and 23% pelagic as adults. Larvae of shorefishes, such as gobiids, pomacentrids, and bothids, constituted the majority (82%) of catches. Larvae of oceanic fishes (e.g. myctophids, gonostomatids, and melanostomeids) contributed 6% of catches and the remaining 12% were of indeterminate origin (e.g. carangids, bregmacerotids). The five most abundant families (Gobiidae 24%, Pomacentridae 8%, Carangidae 8%, Callionymidae 7%, and Monacanthidae 5%) accounted for more than 50% of the total numbers of larvae collected during the study (Table 2) . Fourteen families were represented by single individuals in catches. Perciform fish dominated (66%) catches, whereas pleuronectiform, clupeiform, and gadiform fish represented 6%, 4% and 1% of catches, respectively.
Total numbers of fish eggs and larvae
Fish eggs were collected in very low numbers in 1997/98 and in October 1998 and February 1999 at all sites (Fig. 4a) . High numbers of eggs were caught at site B in November and December 1998 (3500 and 4500 per 10 000 m 3 , respectively). There was a trend for preflexion larvae to be collected in higher numbers at site B than at either site E or TB (Fig. 4b) . In general, the abundance of preflexion larvae increased during the summer from October through to February in each year. In the early summer (October and November) of 1997, abundances of preflexion larvae were higher than in 1998. The reverse was true in late summer (December and February), with higher abundances of preflexion larvae being observed in the second summer (1998/99) compared with the first (1997/98). Post-flexion larvae were only slightly less abundant than preflexion larvae at all times and sites, although they displayed similar trends to those of the preflexion larvae. Abundance of post-flexion larvae was similar at both sites B and E in 1997/98 and at all sites (B, E and TB) in 1998/99 (Fig. 4c) . The exception to this was the much higher Taxa are considered to inhabit coastal waters unless indicated otherwise. D Demersal; P Pelagic; * Oceanic; + Oceanic/Coastal; † Some species are demersal. The % contribution is further partitioned by each tree split (month and site) and for the whole tree (tree total). Families are ranked in descending order of the percentage of their total tree variation. Values are rounded to two decimal places.
mean abundance of post-flexion larvae recorded at site B in the late summer of 1998/99. In all cases, variability in catches among replicate net tows was high, as indicated by the s.e.m.
Distribution patterns of fish assemblages
The results of nMDS and cluster analyses showed that samples clustered into eight groups on the basis of assemblage composition (Fig. 5) . In general, the samples formed a gradient from October through to February (Fig. 5b) and from offshore to inshore sites (Fig. 5c ). There was no clear interannual grouping of samples (Fig. 5d) . Groups 1 and 5-8 contained very low numbers of larvae (<5% of the total; Fig. 6a ) and largely consisted of samples collected in October (Fig. 5b) . Almost 95% of larvae (Fig. 6a) were grouped into just three cluster groups (2, 3, and 4). These were collected in samples during November, December, and February in both summers (Fig. 5b) . Groups 1, 5, and 8 predominantly consisted of samples collected from the offshore site E (Fig. 5c ) and all contained Myctophids (Fig. 6b, f,i) . The majority of samples in the present study clustered into group 2 (72% of total larvae; Fig. 6a ) and included catches from all sites and both summers, but only from the months of November, December, and February (Figs 5a-d, 6a,c) . Gobiids dominated (32%), followed by carangids (10%) and pomacentrids (9%; Fig. 6c ). However, there was some grouping of samples within this cluster due to site (inshore v. offshore; Fig. 5c ).
Groups 3, 4, 6, and 7 only contained samples from inshore sites B and TB (Fig. 5c) and all groups had different assemblage compositions. Group 3 illustrates the very patchy nature of ichthyoplankton distributions, where one sample contained 20% of the total number of taxa found in all samples (Fig. 6a) . This sample, from site B in February 1999, included callionymids, cynoglossids, gobiids, and pinguipedids ( Figs  5a-d, 6d ) and contributed to the high variation in total numbers of post-flexion larvae seen for site B in February 1999 (Fig. 4) . High numbers of engraulids (Figs 5a-d, 6a ,e) dominated group 4, which contained samples from the TB site only. Group 6 was defined by the presence of carangids and callionymids in one sample from site B in October 98 (Figs 5a-d, 6a,g ). Group 7 contained samples from the inshore sites (B and TB) in October and November, which had low abundance and were dominated by pomacentrids and blennids (35% and 28% of larval fishes, respectively; Figs 5a-d, 6a,h).
Temporal and spatial influences on fish assemblages
The results from the MRT analysis supported the patterns obtained using the nMDS and cluster analyses. The tree formed from this analysis had a CVRE of 0.976 and an s.e.m. of 0.052 and consisted of three groups (R1-3). Month and site explained 15% of the total variation in the dataset and none of the other factors (temperature, salinity, chlorophyll a, or zooplankton biomass) contributed to the tree ( Table 2 ). The primary split in the data was due to month (8.5% of the variation), with catches during October (R1, 11 net tows) being very different to those collected in November, December, and February. This separation was partly because of the abundance and diversity of taxa being much lower in October than in the other months (Figs 4-6) . The second split differentiated catches on the basis of site (6.5% of the variation) with inshore sites B and TB (R2, 20 net tows) separating from the offshore site E (R3, 13 net tows).
The partitioning of the variance in the MRT analysis showed that just five families (Gobiidae, Carangidae, Apogonidae, Monacanthidae, and Myctophidae) explained almost 20% of the total family variation (Table 2 ). This component of the variation in the data was related to abundance and these five families dominated counts of larvae in the samples. A second set of five families (Syngnathidae, Carangidae, Monacanthidae, Apogonidae, and Microdesmidae) explained approximately 40% of the tree variation (((1.37 + 1.3 + 1.26 + 1.06 + 0.97)/14.9) × 100 = 40%; Table 2 ). This component of variation was related to distribution patterns and all these families displayed discrete spatial or temporal distributions.
Nov-Feb only
All sites Both summers 
Individual family distributions
Catches of the various families of larval fishes displayed trends due to site, month, and year (Fig. 7) . For example, syngnathids and monacanthids occurred predominantly at the inshore site B and were only present in catches from November to February in each year (Fig. 7) . They had high indicator values (64 and 54, respectively) for the inshore summer group identified by the MRT analysis (group R2; Table 3 ). Both families were also present at site E, with low mean abundance in December and February 1998 (Fig. 7) . Myctophids were predominately collected by tows at the offshore site and were present during all sampling periods, although on two occasions they occurred at the inshore site in October 1997 and December 1998 (Fig. 7) . Myctophids were the only family that displayed a moderate indicator value for October (29 ; Table 3 ) and also recorded a moderate indicator value for the offshore site (group R3: 21; Table 3 ). Gonostomatids and bregmacerotids displayed a similar pattern with moderate indicator values for the offshore site (group R3: 35 and 22, respectively; Table 3 ) while being present in catches at the inshore site B in October 1997 and December 1998 (Fig. 7) .
Some taxa (e.g. gobiids, pomacentrids, apogonids, and bothids; Fig. 7 ) occurred in all sample periods, but generally recorded low mean abundances in October. There was an indication of interannual differences in the mean abundances of some families. For example, pomacentrids were generally collected in highest abundances at site E and had a higher mean abundance in catches in the second summer compared with the first (Fig. 7) . Carangids, bothids, and scombrids also showed a higher mean abundance in the first summer compared with the second (Fig. 7) . Callionymids were generally in low abundance in catches at most sites and times, although they occurred in high numbers in catches in February 1999 at site B (231 individuals; group 6 in Figs 5-7). Young et al. (1986) In the subset of our data used for this comparison (site TB excluded), we recorded 6640 larval fish from 61 families, whereas Young et al. (1986) collected 4204 larvae from 68 families. Rank abundances were similar, with four taxa in common ranked in the top 10 by both studies (Table 4) . Some of the differences in ranking of families between studies appear to be correlated with the morphology of larvae. Greater numbers of deeper-bodied forms, such as pomacentrids, scombrids, monacanthids, and callionymids, were captured in the present study, whereas Young et al. (1986) collected more slender-bodied taxa, such as synodontids, clupeids, and schindleriids. The high rank of callionymids and microdesmids in the present study was likely due to the very high numbers of these larvae captured in single samples at site B in February 1999 (Figs 5-7) and at site E in February 1998 (Fig. 7) .
Comparison with
The mean abundances of larvae we recorded were generally higher than those recorded by Young et al. (1986; Figs 7, 8) ; however, because different nets were used by each study, only the trends in relative abundances were considered here. In both studies, apogonids, carangids, gobiids, and monacanthids all displayed increases in abundance in catches from October to December (Figs 7, 8 ). There were also consistent spatial patterns in both studies, with monacanthids and syngnathids more abundant at inshore than offshore sites, whereas bregmacerotids, gonostomatids, myctophids, and pleuronectiforms were more abundant at offshore sites. Index values are the product of the relative abundance and relative frequency of occurrence of the family in each group. In the present study, a family was considered indicative of a group if they recorded a moderate to high index value (i.e. index value > 20). Families indicated in bold have a high indicator value.
Discussion
Tropical ichthyoplankton communities
The diversity of ichthyoplankton recorded by any study tends to reflect the spatial and temporal scales of sampling. On the North-west Shelf, we captured 76 taxa of larval fishes, which is comparable to surveys at other tropical localities in the Indo-Pacific region when sampling occurred during a summer (Table 5 ). For example, on the Great Barrier Reef (GBR), Williams et al. (1988) and Thorrold and Williams (1996) recorded 70 and 75 taxa of larval fishes, respectively, at stations on cross-shelf transects. Studies that recorded a higher diversity of taxa (e.g. 96 by Leis and Goldman (1987) , 85 by Chamchang and Chayakul (2000) , 80 by Tzeng et al. (1997) , and 102 by Young et al. (1986) ) generally sampled over broader spatial (hundreds of kilometres) or temporal (years) scales. The taxonomic composition of ichthyoplankton assemblages can convey information on the origin of water masses (Cowen 2002 ) and the underlying habitat (Leis 1993) . In the vicinity of the North-west Cape, the summer ichthyoplankton community contained a mix of coastal (e.g. carangids) and oceanic (e.g. myctophids) fishes, but was dominated by small demersal shorefishes (e.g. gobiids, pomacentrids, apogonids). These three taxa are dominant components of the fish fauna on Ningaloo Reef (McIlwain 2003) and it is possible that some of the larvae caught in the present study were spawned at this locality, although a sampling program covering a greater area that included Ningaloo would be required to test this hypothesis.
A comparison of our results with those of previous studies of tropical ichthyoplankton (Table 5) shows that small demersal shorefishes often dominate ichthyoplankton assemblages over continental shelves (e.g. pleuronectiforms, gobiids, apogonids; Williams et al. 1988) or near coral reefs (e.g. gobiids, apogonids, pomacentrids; Leis and Goldman 1987;  Table 5 ). When oceanic water masses are sampled, myctophids and gonostomatids dominate (Ahlstrom 1971 (Ahlstrom , 1972 Nonaka et al. 2000) . The work shown in Table 5 used a variety of net sampling techniques, which can have an important influence on the identity of taxa collected by the study owing to differences in net diameter and mesh size, towing speed, and the problem of net avoidance (Young et al. 1986; Choat et al. 1993) . Despite this issue, there was a high degree of similarity in the composition of catches among studies ( Table 5 ), suggesting that these consistent patterns represent general trends in the larval fish communities of tropical shelf environments.
Spatial and temporal patterns
We found only a weak cross-shelf pattern in ichthyoplankton communities, with families such as monacanthids more abundant at our inshore sites and scombrids and myctophids more abundant at the offshore site. As a result, our analyses tended to group families into a single neritic assemblage. In contrast, cross-shelf variation in assemblages is a strong and consistent finding of other studies and has been documented from both temperate (Cowen et al. 1993) and tropical (Thorrold and Williams 1996) waters, with fauna typically classified into distinct coastal, neritic, and offshore communities (Cowen et al. 1993; Sanvicente-Añorve et al. 1998; Nonaka et al. 2000) . Our contrasting results probably reflect the fact that we sampled a very limited extent and depth across the Shelf, potentially missing taxa, particularly at the deeper offshore site E; thus, our conclusions are limited to surface waters of the Shelf. Seasonal changes in the composition and abundance of assemblages are a common feature in tropical waters (for a review, see Leis 1993) . We sampled from mid-spring to late summer and recorded an increase in diversity and mean abundance through these months in both summers. This was evident as a gradient of change in assemblage composition from A. Sampey et al. spring through to summer on the nMDS plots. For several taxa (e.g. gobiids, monacanthids, carangids, and syngnathids) the biggest increase in abundance occurred between October and November, which represents a mid-to late-spring transition in the ichthyoplankton communities on this part of the Shelf. Similar increases in abundance during summer have been documented for taxa in different tropical locations, for example carangids in the Atlantic (Nonaka et al. 2000) and for many taxa, notably apogonids, on the GBR (Thorrold and Williams 1996) .
Underlying processes
Intraseasonal changes in the abundance of larval fishes may reflect the spawning activities of adult fishes, differential larval survival, or a combination of these processes (Heath 1992 ). Although we did not collect information on spawning patterns on the North-west Shelf, it is known that most reef fishes have a distinct spawning season over summer months and that reproductive behavior will peak at some point during this time (e.g. Thresher 1984; Cowen et al. 1993; Davis and West 1993) . This may account for the increase in diversity and abundance of assemblages during the summer. However, it is unlikely that this is the sole factor determining abundance patterns. Circulation patterns on the North-west Shelf change during summer: the Leeuwin Current weakens and the Ningaloo Current forms (Taylor and Pearce 1999) . As a result, cool nutrient-rich water is upwelled episodically onto the Shelf, resulting in increased but variable productivity during the summer (Holloway et al. 1985; McKinnon and Duggan 2001; Meekan et al. 2003) . These increases in productivity may promote better conditions for larval feeding, growth, and survival, reinforcing spawning patterns. Although there was little change in the composition of ichthyoplankton assemblages between summers, there were marked changes in the abundance of some of the component taxa. For example, we found that pomacentrids were far more numerous in catches in the second summer than the first, whereas other taxa, such as carangids, displayed the opposite pattern. Each summer was characterised by very different environmental conditions and these changes in the biophysical environment were likely to have had a strong influence on feeding, growth, and, ultimately, the survivorship of larvae and may account for the interannual differences in the abundance of taxa we recorded. A companion study provides some evidence that this was the case. Meekan et al. (2003) used light traps to collect late-stage larvae of Pomacentrus coelestis in the region of the North-west Cape during the same months as the present study. Similar to our findings, catches of this species were much greater in the second summer (1483 individuals) than the first (197 individuals). Otolith analysis of these fishes showed that, on average, larval P. coelestis grew more slowly in the 1997/98 summer than the 1998/99 summer (0.48 v. 0.53 mm day −1 , respectively) and that water temperature explained 30% of the variation in growth, whereas chlorophyll a and zooplankton abundance explained only minor amounts (4.1% and 3.5%, respectively). Because fast growth is known to promote the survival of larvae (Bailey and Houde 1989) , this suggests that relatively warm water temperatures may account for the differences in the abundance of pomacentrid larvae recorded in the present study between summers. It is clear, however, that such physical factors do not explain differences in the abundance of all taxa of larval fishes collected in our net tows. As mentioned above, families such as carangids showed the opposite pattern to that of pomacentrids and were more abundant in the first summer than the second. For these families, feeding conditions may be a more important determinant of growth rate than water temperature. Although growth rate data for larval carangids on the North-west Shelf are unavailable for comparison, the diets of larval Trachurus declivis collected off Tasmania over three summers were affected by interannular differences in the abundance of their zooplankton prey (Young and Davis 1992) . During summers when low nutrient, warmer subtropical waters intruded into their study area, larger zooplankton prey were absent and the carangid larvae fed on smaller prey. Smaller prey may have lower calorific content than larger prey and this may have affected the growth rates of these larvae. Unfortunately, Young and Davis (1992) did not measure growth rates and the effect of these dietary differences on larval survival is unknown.
The contrasting responses of different taxa to the same environmental conditions may account for the inability of our multivariate analyses to find strong relationships between abundance patterns of larval fishes and biophysical variables, such as temperature, salinity, and zooplankton biomass. This may have been exacerbated by the problem that we were only able to identify very few larval fish to species. Despite great progress in the taxonomy of tropical fish larvae (Leis and Carson-Ewart 2000) , most samples could only be identified to the level of family at best. This meant that species with potentially contrasting environmental responses could not be distinguished in the analysis of datasets and were simply pooled into broad taxonomic categories. Analysis at the level of individual species (e.g. Meekan et al. 2003 ) is likely to give a far more powerful insight into the relationship between larval fishes and their environment. However, the seasonal and site changes in biophysical variables that were recorded in the study area (present study; McKinnon and Duggan 2001; Meekan et al. 2003) are reflected in the site and month differences that were identified in the MRT analysis.
Conclusions
During summer, surface ichthyoplankton assemblages on the North-west Shelf ofAustralia appear to be dominated by demersal percoid shorefishes and display consistent increases in diversity and abundance from October to February. Individual taxa showed dissimilar trends of abundance between summers, either as a result of taxon-specific differences in the spawning activities of adult fishes or differences in larval survival as a result of changes in environmental conditions. Despite the limited spatial replication of the present study, we recorded similar patterns in abundance of larval fishes as those found by Young et al. (1986) . The consistency of our findings to those of Young et al. (1986) , notwithstanding the use of different net types and sampling protocols, provides a synoptic picture of the early stage larval fish assemblages present on the North-west Shelf of Australia.
